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(57) ABSTRACT

Provided is a method for transmitting feedback information
of'a UE in a distributed antenna system in which a plurality of
antennas are distributedly disposed within a cell is provided.
The method includes transmitting first feedback information
used for a base station (BS) to allocate at least one of a
plurality of antennas to a UE, to the BS; receiving antenna
allocation information determined based on the first feedback
information from the BS; and transmitting second feedback
information indicating a channel state with respect to an
antenna allocated according to the antenna allocation infor-
mation to the BS.

14 Claims, 8 Drawing Sheets
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FIG. 4
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FIG. 5
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METHOD AND APPARATUS IN WHICH USER
EQUIPMENT TRANSMITS FEEDBACK
INFORMATION IN A DISTRIBUTED
ANTENNA SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2011/
001991, filed on Mar. 23, 2011, which claims the benefit of
earlier filing date and right of priority to Korean Patent Appli-
cation No. 10-2010-0089201, filed on Sep. 13, 2010, and also
claims the benefit of U.S. Provisional Application Ser. No.
61/317,282, filed on Mar. 25, 2010, the contents of which are
all hereby incorporated by reference herein in their entirety.

TECHNICAL FIELD

The present invention relates to wireless communication
and, more particularly, to a method for transmitting feedback
information by a terminal in a distributed antenna system, and
a terminal using the method.

BACKGROUND ART

In a distributed antenna system (DAS), antennas are dis-
tributed to and disposed in various locations within a cell, and
a single base station (BS) manages these antennas. A DAS is
different from the conventional centralized antenna system
(CAS) in which antennas localize on the center of a cell.

A DAS is differentiated from a femto cell/pico cell, a relay
station, and an ad-hoc system. The DAS is different from a
femto cell/pico cell in which an individual antenna constitutes
a separate network, in that an individual antenna does not
administer an antenna region thereof by itself but a central BS
administers all the antenna regions. Also, the DAS is dis-
criminated from a relay station or an ad-hoc system, in that
respective antennas may be connected by a fixed line. Also,
the DAS is differentiated from a simple repeater, in that
respective antennas may transmit different signals according
to a command from a BS.

An initial purpose of a DAS was to install more antennas
within a cell and repeatedly transmit signals in order to cover
a shadow area. Namely, initially, a DAS was mainly aimed at
securing coverage. Macroscopically, a DAS may be consid-
ered as a type of multi-input multi-output (MIMO) system in
that antennas may simultaneously transmit or receive a plu-
rality of data streams to support one or a plurality of users. A
MIMO system is recognized as a system satisfying next-
generation communication due to high spectral efficiency. In
the point of view of a MIMO system, a DAS has more advan-
tages than that of a CAS. For example, a distance between
users and antennas is reduced to have high power efficiency,
a channel capacity is increased due to low correlation and
interference between antennas, and relatively uniform quality
of communication can be secured irrespective of a user loca-
tion within a cell.

Namely, a DAS having the foregoing advantages is
required to perform MIMO transmission in order to secure a
high data capacity required in the present and future commu-
nication standards. For example, it may be required to per-
form rank-2 transmission or higher to a single user equipment
(UE) (it is known as a single user (SU)-MIMO) in the same
frequency domain. Or, a multi-user (MU)-MIMO simulta-
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neously supporting multiple UEs may be required. Such
necessity may also be required in uplink, as well as in down-
link.

The foregoing SU-MIMO and MU-MIMO are essentially
required in IEEE 802 and 3GPP LTE as standardization
groups, and in actuality, standards such as IEEE (Institute of
Electrical and Electronics Engineers) 802.16e/m, 3GPP (3"
generation partnership project) LTE (long term evolution)
Release 8/9, and the like, deal with SU-MIMO and MU-
MIMO. However, currently, communication standards are
designed on the premise of a CAS, so they cannot be applied
as is to a DAS employing an advanced technique such as a
MIMO technique. Thus, a communication standard support-
ing a DAS is required, and also, a method for transmitting
feedback information of a terminal (or a user equipment
(UE)) based on such a communication standard and a UE
operating according to the method are required.

TECHNICAL PROBLEM

An aspect of the present invention provides a method for
transmitting feedback information of a UE in a distributed
antenna system and a UE using the method.

According to an aspect of the present invention, there is
provided a method for transmitting feedback information ofa
user equipment (UE) including: transmitting first feedback
information used for a base station (BS) to allocate at least
one of a plurality of antennas to a UE, to the BS; receiving
antenna allocation information determined based on the first
feedback information from the BS; and transmitting second
feedback information indicating a channel state with respect
to an antenna allocated according to the antenna allocation
information to the BS.

The first feedback information may include at least one of
information regarding a downlink channel coefficient with
respect to a effective antenna from the BS to the UE, a recep-
tion noise strength measured by the UE, a downlink channel
size or signal strength with respect to the effective antenna, an
index of an antenna preferred by the UE or an antenna having
channel quality exceeding a particular threshold value, a
sounding reference signal and information regarding trans-
mission power with respect to the sounding reference signal.

When areference signal of each of the plurality of antennas
is measured by the UE, the effective antenna may be an
antenna transmitting a reference signal exceeding the thresh-
old value or the entirety of the plurality of antennas.

The information regarding a downlink channel coefficient,
a sounding reference signal and information regarding trans-
mission power with respect to the sounding reference signal,
a downlink channel size or signal strength with respect to the
effective antenna may be transmitted as values normalized
with a reception noise strength measured by the UE.

The method may further include: receiving a sounding
reference signal transmission request from the BS, wherein
the first feedback information may include the sounding ref-
erence signal and information regarding transmission power
with respect to the sounding reference signal.

The method may further include: receiving a reference
signal discriminated with respect to each of the plurality of
antennas from the BS, wherein the first feedback information
may include at least one of the information regarding a down-
link channel coefficient with respect to the effective antenna,
the reception noise strength, the downlink channel size or
signal strength with respect to the effective antenna, and the
index of an antenna preferred by the UE or an antenna having
channel quality exceeding a particular threshold value.
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The second feedback information may include at least one
of a CQI (channel quality indicator) and PMI (precoding
matrix index) with respect to the allocated antenna.

The first feedback information may be transmitted with a
first feedback information transmission period, the second
feedback information may be transmitted with a second feed-
back information transmission period, and the first feedback
information transmission period may be longer than the sec-
ond feedback information transmission period.

The first feedback information may be transmitted with a
first feedback information transmission period, the second
feedback information may be transmitted with a second feed-
back information transmission period, and the first feedback
information transmission period and the second feedback
information transmission period may be equal.

The first feedback information and the second feedback
information may be transmitted in the same subframe.

The second feedback information may be transmitted after
a fixed number of subframes from a subframe in which the
first feedback information is transmitted.

The antenna allocation information may include allocation
information regarding at least one of a physical antenna, an
antenna node, an antenna group, an antenna port, and a virtual
antenna allocated to the UE.

According to another aspect of the present invention, there
is provided a UE including an RF unit configured to transmit
and receive a radio signal; and a processor connected to the
RF unit, wherein the processor transmits first feedback infor-
mation used for a base station to allocate at least one of a
plurality of antennas to the UE to the base station, receives
antenna allocation information determined based on the first
feedback information from the base station, and transmits
second feedback information indicating a channel state with
respect to the antenna allocated according to the antenna
allocation information to the base station.

ADVANTAGEOUS EFFECTS

According to embodiments of the present invention, a feed-
back method for operating a distributed antenna system is
provided. A UE may be allocated an optimal antenna among
a plurality of antennas distributedly disposed within a cell in
a distributed antenna system to communicate with a base
station (BS). Thus, transmission efficiency between a UE and
aBSin a distributed antenna system can be improved. Also, in
spite of feedback information added to allocate an antenna to
a UE, feedback overhead is not greatly increased.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a wireless commu-
nication system.

FIG. 2 is a view illustrating a distributed antenna system.

FIG. 3 is a flow chart illustrating a method for transmitting
feedback information.

FIG. 4 is a flow chart illustrating a specific example of the
method for transmitting feedback information of FIG. 3.

FIG. 5 is a flow chart illustrating another specific example
of the method for transmitting feedback information of FIG.
3.

FIG. 6 is a view illustrating an example of a transmission
period of first feedback information and that of second feed-
back information.

FIG. 7 is a view illustrating another example of a transmis-
sion period of first feedback information and that of second
feedback information.

FIG. 8 is a block diagram of a base station and a UE.
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4
BEST MODES

The following technique may be used for various multiple
access schemes such as CDMA (code division multiple
access), FDMA (frequency division multiple access), TDMA
(time division multiple access), OFDMA (orthogonal fre-
quency division multiple access), SC-FDMA (single carrier-
frequency division multiple access), and the like. CDMA may
be implemented as a radio technology such as UTRA (Uni-
versal Terrestrial Radio Access) or CDMA2000. TDMA may
be implemented as a radio technology such as GSM (Global
System for Mobile communications)/GPRS (General Packet
Radio Service)/EDGE (Enhanced Data Rates for GSM Evo-
Iution). OFDMA may be implemented as a radio technology
such as TEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE
802-20, E-UTRA (Evolved UTRA), and the like. UTRA is a
part of UMTS (Universal Mobile Telecommunications Sys-
tem). 3GPP (3rd Generation Partnership Project) LTE (long
term evolution) is part of E-UMTS (Evolved UMTS) using
E-UTRA, which employs OFDMA in downlink and SC-
FDMA in uplink. LTE-A (Advanced) is an advancement of
LTE.

FIG. 1 illustrates a wireless communication system.

Referring to FIG. 1, the wireless communication system 10
includes at least one base station (BS) 11. Each BS 11 pro-
vides a communication service to particular geographical
areas (which are generally called cells) 15a, 1554, and 15¢.
Each of the cells may be divided into a plurality of areas (or
sectors). A user equipment (UE) 12 may be fixed or mobile
and may be referred to by other names such as mobile station
(MS), user terminal (UT), subscriber station (SS), wireless
device, personal digital assistant (PDA), wireless modem,
handheld device, etc. The BS 11 generally refers to a fixed
station that communicates with the UE 12 and may be called
by other names such as evolved-nodeB (eNB), base trans-
ceiver system (BTS), access point (AP), etc.

Hereinafter, downlink refers to a communication link from
a BS to a UE, and uplink refers to a communication link from
aUE to a BS. In downlink, a transmitter may be a part of a BS,
and a receiver may be a part of a UE. In uplink, a transmitter
may be a part of a UE, and a receiver may be a part of a BS.

A wireless communication system may support multiple
antennas. Namely, a transmitter may use a plurality of trans-
mit antennas, and a receiver may use a plurality of receive
antennas. A transmit antenna refers to a physical or logical
antenna used to transmit a single signal or stream, and a
receive antenna refers to a physical or logical antenna used to
transmit a single signal or stream. When a transmitter and a
receiver uses a plurality of antennas, the wireless communi-
cation system may be called a MIMO (multiple input multiple
output) system.

A MIMO system may use various transmission techniques.
A transmission technique refers to a scheme of transmitting
downlink data by a BS to aterminal. The MIMO transmission
technique includes transmit diversity, spatial multiplexing,
beamforming, and the like. The transmit diversity is a tech-
nique that multiple transmission antennas transmits the same
data to thus enhance a transmission reliability. Spatial multi-
plexing is a technique that multiple transmission antennas
simultaneously transmit diftferent data to thus transmit high
speed data without increasing a bandwidth of a system.
Beamforming is used to increase a signal to interference plus
noise ratio (SINR) of a signal by adding a weight value
according to a channel state in multiple antennas. In this case,
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the weight value may be represented by a weight vector or a
weight matrix, and it is known as a precoding vector or a
precoding matrix.

Spatial multiplexing includes spatial multiplexing for a
single user and spatial multiplexing for multiple users. The
spatial multiplexing for a single user is called a single user
MIMO (SU-MIMO), and the spatial multiplexing for mul-
tiple users is called spatial division multiple access (SDMA)
or multi-user MIMO (MU-MIMO).

The MIMO transmission technique may be semi-statically
set by a higher layer signal such as an RRC (radio resource
control) message.

FIG. 2 is a view illustrating a distributed antenna system.

Referring to FIG. 2, a distributed antenna system (DAS)
includes a BS and a plurality of BS antennas (e.g., ANT1 to
ANTS, which are referred to as BS antennas, hereinafter).
The antennas ANT1 to ANT8 may be connected to the BS
through a fixed line or wirelessly. Unlike a centralized
antenna system (CAS), in the DAS, the antennas are distrib-
uted to and disposed in various locations within a cell, rather
than crowding in the center of the cell. In FIG. 2, an example
in which a single antenna exists in each location isolated
within a cell is illustrated, but the present invention is not
limited thereto and several antennas may crowd in each loca-
tion isolated within a cell. The crowded antennas may con-
stitute a single antenna node.

Antennas may be distributed such that antenna coverages
thereof overlap to allow for a rank-2 or higher order transmis-
sion. Namely, antenna coverage of each antenna may reach
even at least one adjacent antenna. In this case, UEs existing
within the cell may have strength of signals variably changing
when the signals are received from a plurality of antennas
according to locations thereof within the cell, a channel state,
and the like.

Referring to the example of FIG. 2, a UE1 may receive
signals having good reception sensitivity from antennas 1, 2,
5, and 6. Meanwhile, signals transmitted from antennas 3, 4,
7, and 8 may insignificantly affect the UE1 due to a path loss.
A UE2 may receive signals having good reception sensitivity
from antennas 6 and 7, and is insignificantly affected by
signals transmitted from the other remaining antennas. Simi-
larly, in the case of a UE3, it may receive a signal having good
reception sensitivity only from an antenna 3, and signals from
the other remaining antennas may have strength weak enough
to be negligible.

As discussed in the above example, in the DAS,; it may be
easy to perform MU-MIMO communication on the UEs
separated from each other within a cell. Namely, in the above
example, communication to the UE1 may be performed
through the antennas 1,2, 5, and 6, communication to the UE2
may be performed through the antenna 7, and communication
to the UE3 may be performed through the antenna 3. Anten-
nas 4 and 8 may transmit signals for the UE2 or UE3 or may
not transmit any signal. Namely, the antennas 4 and 8 may be
operated in an OFF state according to circumstances. The
number of transmission ranks or the number of transmission
layers (i.e., the number of transmission streams) with respect
to the UE1, UE2, and UE3 may differ. For example, when the
UESs have two reception antennas, rank-2 transmission may
be performed on the UE1 and rank-1 transmission may be
performed on the UE2 and UE3.

As described above, when SU-MIMO/MU-MIMO com-
munication is performed in a DAS, various transmission lay-
ers may exist per UE, and different antennas (or antenna
groups) may be allocated to respective UEs. In other words, in
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a DAS, particular antennas may be supported for each UE.
Antennas supported for each UE may be changed over time.

A method for transmitting feedback information of a UE
applicable in a DAS will now be described.

FIG. 3 is a flow chart illustrating a method for transmitting
feedback information.

Referring to FIG. 3, a BS receives first feedback informa-
tion from each UE and allocates antennas to each UE based on
the first feedback information (S100). Namely, the first feed-
back information may be information used to allocate an
antenna to a UE, which is transmitted by a UE to a BS.
Through the first feedback information, the BS may know a
channel coefficient with respect to a channel between the BS
and the UE, a reception noise strength of the UE. Here, the
antenna allocated by the BS to the UE does not necessarily
mean a physical antenna. Namely, by using the first feedback
information, the BS may allocate an antenna node, an antenna
group, an antenna port, or a virtual antenna. An antenna node
may be defined as a set of antennas transmitting the same
reference signal for the BS to receive the first feedback infor-
mation, and may be comprised of geographically adjacent
antennas. An antenna group may be comprised of a plurality
of'antennas, and unlike an antenna node, an antenna group is
not limited to antennas transmitting the same reference signal
for the BS to receive the first feedback information. An
antenna port is an antenna concept for estimating a single
channel in a position of a UE. An antenna port may be con-
figured as a single physical antenna, or may be configured as
a combination of a plurality of physical antenna elements. A
virtual antenna, the number of antennas different from a
physical antenna transmitting a signal by a BS, refers to an
antenna recognized by a UE. A virtual antenna may be imple-
mented by a BS by using an appropriate precoding matrix.

When the BS knows a channel coefficient with respect to a
channel between the BS and the UE and a reception nose
strength ofthe UE, the BS may allocate an antenna in the form
of at least one of a physical antenna, an antenna node, an
antenna group, an antenna port, and a virtual antenna as
described above according to a transmission technique.

The UE may transmit the first feedback information to the
BS according to a persistent allocation scheme. The persistent
allocation refers to transmission of the first feedback infor-
mation by the UE continuously and periodically according to
a one-time instruction from the BS.

Meanwhile, an antenna may be allocated by the BS accord-
ing to a periodic allocation or an event-driven scheme. The
event-driven scheme refers to a scheme of transmitting
antenna allocation information only in case of changing by
the BS an antenna already allocated to the UE.

The first feedback information transmitted by the UE may
include at least one of the following items 1 to 5.

1. Information regarding downlink channel coefficient

2. Reception noise strength measured by UE

3. Size of downlink channel with respect to effective
antenna or signal strength

4. Index of antenna preferred by UE or index of antenna
having channel quality exceeding particular threshold value

5. Transmission of only uplink sounding reference signal
(SRS) or information regarding transmission power of SRS
together with SRS

As described above, the BS may know a channel coeffi-
cient and reception noise strength with respect to each UE
through the first feedback information. For example, it is
assumed that the UE transmits 1. the information regarding
downlink channel coefficient and 2. the reception noise
strength measured by the UE, as the first feedback informa-
tion. When a reception signal vector received by a reception
antenna is y, it may be expressed by Equation shown below.
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=Hx+n

In the above Equation, NR is the number of reception
antennas of the UE, and a channel coefficient (element) hij of
a channel matrix H refers to a channel from an antenna j
within the cell to a reception antenna i of the UE. For example,
h12 refers to a channel from an antenna 2 within the cell to a
reception antenna 1 of the UE. And, nl, n2, . . ., nNR refers
to noise of each reception antenna. In the Equation, when x is
a reference signal already known by the UE, the UE may
estimate a channel H and noise n through a reception signal.
Here, the reference signal refers to a signal already known by
the BS and the UE, which is used to estimate a channel or
demodulate data. The reference signal may be called by other
name such as midamble. The UE may feed back a channel
coefficient of the channel H as ‘1. information regarding
downlink channel coefficient’, and may feed back reception
noise strength regarding n as ‘2. Reception noise strength
measured by UE’. Here, as the information regarding a down-
link channel coefficient, an instantaneous channel coefficient
may be fed back or an average channel coefficient during a
particular period may be fed back. Also, as the information
regarding a downlink channel coefficient, a channel coeffi-
cient of the channel H may be quantized in the form of an
integer multiple of a particular value and transmitted, or the
channel matrix H may be quantized and transmitted. Also, the
information regarding a downlink channel coefficient may be
transmitted only for a effective antenna. All the antennas
within a cell or all the antennas to which a reference signal is
provided may be effective antennas, or an antenna selected by
the UE based on a particular reference may be a effective
antenna. The particular reference may be, for example, an
antenna that a strength of a reference signal received by the
UE exceeds a particular threshold value.

Besides the method of directly transmitting information
regarding the channel H as described above, a method for
transmitting an index with respect to a matrix most similar to
the channel H within a codebook may also be used.

In the first feedback information, 1 to 4 may be used when
the UE measures a downlink channel and transmits channel
information to a BS. When the BS measures an uplink chan-
nel, ‘5. uplink sounding reference signal (SRS) and/or infor-
mation regarding transmission of transmission power of SRS’
may be transmitted as the first feedback information.

In the related art, a BS measures an uplink channel by using
an uplink SRS transmitted by a UE. In the related art method,
however, since how greatly each UE amplifies an SRS and
transmits it is not known, accuracy of measurement of an
uplink channel is insufficient.
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In comparison, in an embodiment of the present invention,
when a UE transmits 1) an SRS and information regarding
transmission power of the SRS as first feedback information,
a channel can be more accurately estimated. The information
regarding transmission power of an SRS may be given in
various forms such as an amplification size, power, energy,
and the like.

When a UE transmits 2) only the SRS as the first feedback
information, the BS transmits previously designated amplifi-
cation size, power energy, and the like.

In case of TDD (time division duplex), a downlink channel
may be inferred from an uplink channel, so a BS can allocate
a downlink transmission antenna to each terminal based on
the results obtained by measuring an uplink channel.

Among the first feedback information, ‘1. Information
regarding downlink channel coefficient, 3. Size of downlink
channel with respect to effective antenna or signal strength,
and 5. Uplink sounding reference signal (SRS) and/or infor-
mation regarding transmission power of SRS’ may be trans-
mitted by normalizing them with ‘2. Reception noise strength
measured by UE’. In this case, ‘2. Reception noise strength
measured by UE’ may not be additionally transmitted.

As described above, the BS may know a channel coeffi-
cient with respect to a channel with the UE and a reception
noise strength of the UE by using the first feedback informa-
tion. The BS allocates an antenna to each UE in consideration
of a channel coefficient and reception noise strength of each
UE. This method is advantages relative to the related art
method. For example, in the related art, when each UE trans-
mits an SRS, a BS measures the SRS and allocates an antenna
to each UEE, or allocates an antenna to each UE based on an
index of a preferred antenna transmitted by each UE, the
number of antennas, and the like. In the related art method,
however, when antennas preferred by respective UEs are
repeated, an actually allocated antenna (or an antenna set) and
an antenna (or antenna set) preferred by each UE may be
different.

For example, when an antenna set preferred by the UE1 is
{1, 2,4} and an antenna sett preferred by the UE2is {2, 3,4},
the BS may allocate an antenna set {1,2} to the UE1 and an
antenna sett {3,4} to the UE2. Here, feedback information
(e.g., CQI) transmitted by each UE to the BS relates to a
preferred antenna set, so the information is not identical to
feedback information of an antenna set allocated by the BS to
each UE. In addition, in the position of the BS, there is no
basis for determining which of antennas is to be allocated to
which terminal to obtain high transmission efficiency, so
scheduling efficiency is degraded. In the foregoing example,
there is no basis to determine whether the antenna 4 is better
to be allocated to the UE1 or to the UE2.

In comparison, according to an embodiment of the present
invention, since the BS knows a channel coefficient and
reception noise strength, the BS can estimate a signal received
by each terminal when a signal is transmitted through a par-
ticular antenna. Thus, the BS can determine which antenna set
is most advantageous to be allocated to each UE, or know
which CQI each UE may have when which antenna set is
allocated. Thus, scheduling efficiency of the BS can be
enhanced.

Referring back to FIG. 3, the BS performs resource allo-
cation on each UE with respect to antennas allocated by using
second feedback information (S110). Here, the second feed-
back information is information used to determine whether to
transmit a signal by using which time/frequency resource to a
UE with respect to an allocated antenna. The second feedback
information may include, for example, CQI (channel quality
indicator)/PMI (precoding matrix index)/RI (rank indicator),
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and the like. When the UE is allocated an antenna from the
BS, the UE estimates a channel with respect to the allocated
antenna (antenna set) and transmits channel state information
as second feedback information. This step may be performed
by using a conventional method performed in a concentrated
antenna system (CAS).

The BS allocates resource to each UE by using the second
feedback information, designates an MCS (modulation and
coding scheme) level, or the like, and transmits data to each
UE (8120).

FIG. 4 is a flow chart illustrating a specific example of the
method for transmitting feedback information of FIG. 3.

Referring to FIG. 4, the BS transmits a reference signal
discriminated for each antenna with respect to a plurality of
antennas within a cell (S300). The UE receives the reference
signal and measures a downlink channel (S310). The UE
feeds back antenna information to the BS (S320). Here, the
antenna information may correspond to the foregoing first
feedback information, which may include, for example, 1.
Information regarding downlink channel coefficient, 2.
Reception noise strength measured by UE, 3. Size of down-
link channel with respect to effective antenna or signal
strength, and 4. Index of antenna preferred by UE or index of
antenna having channel quality exceeding particular thresh-
old value. All the antennas within a cell or all the antennas to
which a reference signal is provided may be effective anten-
nas, or an antenna selected by the UE based on a particular
reference may be a effective antenna. The particular reference
may be, for example, an antenna that a strength of a reference
signal received by the UE exceeds a particular threshold
value.

The BS recognizes a channel with respect to a channel and
reception noise strength by using antenna information, allo-
cates an antenna to the UE, and transmits antenna allocation
information to the UE (S330). The UE transmits channel state
information with respect to the allocated antenna to the BS
(S340). Here, the channel state information with respect to
the allocated antenna corresponds to the foregoing second
feedback information, and it may be CQI, PMI, or the like.
The BS performs resource allocation on the UE based on the
channel state information regarding the allocated antenna
(S350). The BS transmits data to the UE according to the
corresponding result (S360).

FIG. 5 is a flow chart illustrating another specific example
of the method for transmitting feedback information of FIG.
3.

Referring to FIG. 5, the BS instructs (or requests) a UE to
transmit an SRS (S400). Here, the BS may transmit control
information for designating transmission power of the SRS to
be transmitted by the UE, together.

In response to the SRS transmission instruction or request
from the BS, the UE transmits an SRS (S410). The SRS
corresponds to first feedback information. Here, when the UE
receives the control information for designating transmission
power of the SRS from the BS as mentioned above, the UE
may apply transmission power to the SRS according to the
control information. When the UE does not receive the con-
trol information for designating transmission power of the
SRS from the BS, the UE may transmit the SRS and the
information regarding transmission power of the SRS
together.

The BS receives the SRS (and the information regarding
transmission power of the SRS) and measures an uplink chan-
nel (S420). In case of TDD, a downlink channel may be
inferred from an uplink channel. The BS may estimate a
downlink channel coefficient and reception noise strength
with respect to the UE from the uplink channel measurement
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results. The BS allocates an antenna to the UE by using the
estimated downlink channel coefficient and reception noise
strength, and transmits antenna allocation information to the
UE (8430).

The UE transmits channel state information regarding the
allocated antenna to the BS (S440), and the BS allocates
resource to the UE (S450) and transmits data to the UE
(S460). The channel state information corresponds to second
feedback information.

Hereinafter, a method for transmitting first feedback infor-
mation and second feedback information will be described.

FIG. 6 is a view illustrating an example of a transmission
period of first feedback information and that of second feed-
back information.

Referring to FIG. 6, a UE transmits first feedback informa-
tion by a first feedback information transmission period, and
second feedback information by a second feedback informa-
tion transmission period. Here, the feedback information
transmission period is greater than the second feedback infor-
mation transmission period. Namely, the UE transmits the
first feedback information used for antenna allocation at
lower frequency than that of the second feedback informa-
tion. This method is appropriately used when a channel
between the UE and an antenna is slowly changed, because
there is no quickly change the antenna allocated to the UE.
The second feedback information used to allocated resource
with respect to the allocated antenna may be transmitted
during a relatively short period, e.g., at 5 subframe intervals.
The second feedback information may be transmitted at the
same time as that of the first feedback information as shown
in FIG. 6(a), or may not as shown in FIG. 6(b).

As in the method described above with reference to FIG. 6,
the scheme in which the first feedback information is trans-
mitted at low frequency in comparison to the second feedback
information is called semi-flexible scheduling. In the semi-
flexible scheduling, the second feedback information is trans-
mitted at least one time between transmissions of the first
feedback information. The BS may estimate a change in
channels between the UE and the allocated antenna through
the second feedback information.

FIG. 7 is a view illustrating another example of a transmis-
sion period of first feedback information and that of second
feedback information. In FIG. 7, a first feedback information
transmission period and a second feedback information trans-
mission period are equal.

Referring to FIG. 7, a UE transmits first feedback informa-
tion by a first feedback information transmission period.
Also, the terminal may transmit second feedback information
by a second feedback information transmission period. The
UE may transmit the first feedback information and the sec-
ond feedback information during the same period of time,
e.g., in the same subframe as shown in FIG. 7(a), or may
transmit the first feedback information and the second feed-
back information during different periods of time, e.g., in
different subframes as shown in FIG. 7(b). In the case of FIG.
7(b), after transmitting the first feedback information, the UE
may transmit the second feedback information after a prede-
termined offset time (e.g., after a certain number of sub-
frames). During the offset time, the BS may perform antenna
allocation on the UE.

As in the method described above with reference to FIG. 7,
the transmission of the first feedback information and the
second feedback information simultaneously or at the same
time intervals is called flexible scheduling. According to flex-
ible scheduling, antenna allocation may frequently occur by a
BS, relative to semi-flexible scheduling. Flexible scheduling
is disadvantageous in that feedback and signaling overhead
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are great in comparison to semi-flexible scheduling, but
advantageously increases performance of the DAS by provid-
ing flexibility in an antenna operation.

In FIGS. 6 and 7, the example of transmitting the first
feedback information and the second feedback information
with periods has been described, but the present invention is
not limited thereto. Namely, the first feedback information
and the second feedback information may be transmitted
without a period.

In the above description, a portion or the entirety of the
second feedback information may be omitted by the first
feedback information. For example, a BS may perform
resource allocation with respect to an allocated antenna, as
well as performing antenna allocation with respect to a UE by
using the first feedback information. In this case, the second
feedback information may be omitted, rather than being
transmitted. This method is advantageous in that delay due to
signaling is reduced, although efficiency of resource alloca-
tion with respect to an antenna allocated to a UEE is slightly
degraded.

FIG. 8 is a block diagram of a base station and a UE.

A BS 100 includes a processor 110, a memory 120, and an
RF unit 130. The processor 110 implements a proposed func-
tion, process, and/or method. Namely, the processor 110
receives first feedback information from a UE, and generates
and transmits antenna allocation information. Here, the BS
estimates a channel coefficient with respect to a channel
between an antenna and the UE and reception noise strength
of the UE, and uses the same. Also, the BS 100 receives
second feedback information from the UE and performs
resource allocation with respect to an allocated antenna. The
memory 120 is connected to the processor 110 and stores
various types of information for driving the processor 110.
The RF unit 130 is connected to the processor 110 and trans-
mits and/or receives a radio signal.

A UE 200 includes a processor 210, a memory 220, and an
RF unit 230. The processor 210 transmits first feedback infor-
mation to a BS and receives antenna allocation information
from the BS. The UE 200 measures a channel state with
respect to an antenna allocated according to the antenna allo-
cation information and transmits the results to the BS through
second feedback information. The memory 220 is connected
to the processor 210 and stores various types of information
for driving the processor 210. The RF unit 230 is connected to
the processor 210 and transmits and/or receives a radio signal.

The processors 110 and 210 may include an ASIC (Appli-
cation-Specific Integrated Circuit), a chip-set, a logical cir-
cuit, a data processor, and/or a converter for converting a
baseband signal and a radio signal from each other. The
memories 120 and 220 may include a ROM (Read-Only
Memory), a RAM (Random Access Memory), a flash
memory, a memory card, a storage medium, and/or any other
storage devices. The RF units 130 and 230 may include one or
more antennas for transmitting and/or receiving a radio sig-
nal. When the embodiments are implemented by software, the
foregoing techniques may be implemented by modules (pro-
cesses, functions, or the like) performing the foregoing func-
tions. The modules may be stored in the memories 120 and
220 and executed by the processors 110 and 210, respectively.
The memories 120 and 220 may be provided within or outside
the processors 110 and 210 and may be connected to the
processors 110 and 210 through a well-known unit, respec-
tively.

The method and apparatus as described above may be
implemented by hardware, software, or a combination
thereof. For hardware implementation, the method and appa-
ratus as described above may be implemented by using appli-
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cation specific integrated circuits (ASICs), digital signal pro-
cessors (DSPs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers,
microprocessors, electronic units, or a combination thereof,
designed to perform the foregoing functions. For software
implementation, the method and apparatus as described
above may be implemented by a module performing the
foregoing functions. Software may be stored in a memory
unit and executed by a processor. As the memory unit or the
processor, various means well known to a person skilled in the
art may be employed.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

The invention claimed is:

1. A method for transmitting feedback information of a
user equipment (UE) in a distributed antenna system in which
a plurality of antennas are distributed within a cell and are
controlled by a base station (BS), the method comprising:

transmitting, to the BS, first feedback information for the

plurality of antennas, the first feedback information
being used by the BS to allocate at least one of the
plurality of antennas to the UE;
receiving, from the BS, antenna allocation information
determined based on the first feedback information; and

transmitting, to the BS, second feedback information indi-
cating a channel state with respect to the at least one of
the plurality of antennas allocated to the UE according to
the antenna allocation information,
wherein, when the UE does not receive control information
to configure a transmission power of a sounding refer-
ence signal (SRS) from the BS, the first feedback infor-
mation includes the SRS and SRS power information
indicating the transmission power of the SRS,
wherein, when the UE receives the control information
from the BS, the first feedback information includes the
SRS without the SRS power information,

wherein, when the BS transmits the control information to
the UE, the SRS power information is determined by the
BS without feedback based on the control information
transmitted to the UE, and

wherein the at least one of the plurality of antennas is

allocated selected based on the SRS and the SRS power
information.

2. The method of claim 1,

wherein the first feedback information further includes

information related to:

an effective antenna of the plurality of antennas, the effec-

tive antenna being an antenna transmitting a reference
signal that exceeds a threshold value as measured by the
UE,

a downlink channel coefficient with respect to the effective

antenna,

a reception noise strength measured by the UE,

a downlink channel size or signal strength with respect to

the effective antenna, and

anindex of an antenna of the plurality of antennas preferred

by the UE, and

wherein the information related to the downlink channel

coefficient, the downlink channel size or the signal
strength are transmitted as values normalized with the
reception noise strength measured by the UE.

3. The method of claim 1, further comprising:

receiving a sounding reference signal transmission request

from the BS,
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wherein the sounding reference signal transmission

request includes the control information.

4. The method of claim 1, wherein the second feedback
information includes at least one of a CQI (channel quality
indicator) or a PMI (precoding matrix index) with respectto 5
the allocated at least one of the plurality of antennas.

5. The method of claim 4, wherein the first feedback infor-
mation is transmitted with a first feedback information trans-
mission period, the second feedback information is transmit-
ted with a second feedback information transmission period,
and the first feedback information transmission period is
longer than the second feedback information transmission
period.

6. The method of claim 4, wherein the first feedback infor-
mation is transmitted with a first feedback information trans- 15
mission period, the second feedback information is transmit-
ted with a second feedback information transmission period,
and the first feedback information transmission period and
the second feedback information transmission period are
equal.

7. The method of claim 6, wherein the first feedback infor-
mation and the second feedback information are transmitted
in a same subframe.

8. The method of claim 6, wherein the second feedback
information is transmitted after a fixed number of subframes
from a subframe in which the first feedback information is
transmitted.

9. The method of claim 1, wherein the antenna allocation
information includes allocation information regarding at least
one of an antenna node allocated to the UE, an antenna group
allocated to the UE, an antenna port allocated to the UE, or a
virtual antenna allocated to the UE.

10. A user equipment (UE) configured to transmit feedback
information of the UE in a distributed antenna system in
which a plurality of antennas are distributed within a cell and
are controlled by a base station (BS), the UE comprising:

a radio frequency (RF) unit; and

a processor operatively connected to the RF unit and con-

figured to:

transmit, to the BS, first feedback information for the plu-

rality of antennas, the first feedback information being
used by the BS to allocate at least one of the plurality of
antennas to the UE;
receive, from the BS, antenna allocation information deter-
mined based on the first feedback information; and

transmit, to the BS, second feedback information indicat-
ing a channel state with respect to the at least one of the
plurality of antennas allocated to the UE according to the
antenna allocation information,

wherein, when the UE does not receive control information 50

to configure a transmission power of a sounding refer-
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ence signal (SRS) from the BS, the first feedback infor-
mation includes the SRS and SRS power information
indicating the transmission power of the SRS,
wherein, when the UE receives the control information
from the BS, the first feedback information includes the
SRS without the SRS power information,

wherein, when the BS transmits the control information to
the UE, the SRS power information is determined by the
BS without feedback based on the control information
transmitted to the UE, and

wherein the at least one of the plurality of antennas is

allocated based on the SRS and the SRS power informa-
tion.

11. The UE of claim 10, wherein the first feedback infor-
mation further includes information related to:

an effective antenna of the plurality of antennas, the effec-

tive antenna being an antenna transmitting a reference
signal that exceeds a threshold value as measured by the
UE,

a downlink channel coefficient with respect to the effective

antenna,

a reception noise strength measured by the UE,

a downlink channel size or signal strength with respect to

the effective antenna, and

anindex of an antenna of the plurality of antennas preferred

by the UE, and

wherein the information related to the downlink channel

coefficient, the downlink channel size or the signal
strength are transmitted as values normalized with the
reception noise strength measured by the UE.

12. The UE of claim 10, wherein the second feedback
information includes at least one of a CQI (channel quality
indicator) or a PMI (precoding matrix index) with respect to
the allocated at least one of the plurality of antennas.

13. The UE of claim 12, wherein the first feedback infor-
mation is transmitted with a first feedback information trans-
mission period, the second feedback information is transmit-
ted with a second feedback information transmission period,
and the first feedback information transmission period is
longer than the second feedback information transmission
period.

14. The UE of claim 12, wherein the first feedback infor-
mation is transmitted with a first feedback information trans-
mission period, the second feedback information is transmit-
ted with a second feedback information transmission period,
and the first feedback information transmission period and
the second feedback information transmission period are
equal.



